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Abstract

This paper presents an overview of Advanced
Materials from the designer and material supplier
point of view. Four major areas are covered: (1) a
review of the material development process, (2) the
potential payoff of advanced materials, and (3) in-
troducing new materials and (4) future requirements
of the marketplace.

A variety of advanced materials is now available
and more are in various stages of development.
There are several generic steps in the development
process that all established materials have gone
through and new materials are required to satisfy.
These steps are discussed and specific examples are
used to illustrate the development process,

It is shown that, of all the emerging technology
advancements (such as engine, aerodynamics, elec-
tronics), the most significant payoff in the near
future is likely to be from materials. The state
of the art of organic composites and advanced
metals is reviewed and relative advantages and
disadvantages outlined. Specific payoffs to the
operators are shown to be maximized when a combi-
nation of advanced materials is used.

Lastly, the future market for advanced materials
is projected and related to potential new programs
that will depend on material development success.

Material Development Process

There are more new aerospace materials coming
into use or on the immediate horizon than at any
time in recent aviation history. These materials
range from improvements in ingot aluminum, such as
lithium-aluminum, to drastically different material

forms, such as graphite-epoxy composites.
Obviously, the aircraft designer and manufacturer
is uniquely challenged to keep up with this

technology and be positioned to take maximum
advantage of developments The payoff potential is
of the same magnitude as was realized with the
transition from wood/ fabrie/wire structures to
semimonocoque aluminum.

In spite of dramatic improvements in properties,
a family of materials, rather than a single mate-
rial, will continue to be used. The range of design
requirements illustrated in Figure 1 will dictate
the use of an optimum mix.

Irrespective of the form or properties, all ad-
vanced materials tend to follow a reasonably con-
sistent series of steps. These steps can be viewed
as a four-phase process as illustrated in Figure 2.
In Phase I, the Investigation Phase, laboratory

samples indicate the potential improvements avail-
able. A refinement process takes place to improve
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shortcomings. In Phase 1I, the Application Devel-
opment Phase, preliminary design data is developed.
This is also the time that studies begin to be con-
ducted on the benefits of specific applications.
Sample parts are made and tested to evaluate the
processing and manufacturing characteristics. Long-
term environmental conditions are simulated. The
third phase is referred to here as the Secondary
Structure Application phase. Design allowables are
developed. Noncritical secondary structure is
typically chosen for in-service evaluation of a
small number of parts. During this in-service
evaluation period, special and frequent inspections
are conducted. After a sufficient evaluation
period, secondary structure applications are com-
mitted to production. The final phase in the
material development process is the application to
primary structure, Full-scale testing is required,
normally both ultimate strength and durability.
In-service evaluation of primary structural com-
ponents can then be conducted. The final step is
commitment to production. Many of these steps can
be skipped by accepting the accompanying risk.
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Figure 1. Material Selection
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Figure 2. Generic Steps in Advanced Material

Development



It 1is 1interesting to look at some specific
examples of new materials going through their
development cycle. Figure 3 traces the development
of 7050 aluminum. Even though 7050 aluminum was a
rather modest improvement in some design allowables
compared to many of the materials now in develop-
ment, it took about 20 years to complete the cycle,
An unusual thing happened with 7050 when the first
application occurred prior to full allowables being
developed. The material was rushed into use to
solve a problem with an in-service aircraft.
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Figure 3. 7050 Aluminum Development Cycle

Organic matrix materials are a radical departure
from conventional aluminum alloys in both design
and manufacturing. Figure U4 traces the ongoing
development of this class of materials. Applica-
tion to the primary structure of fighters occurred
about 20 years after development started. It
appears that 30 years will be required to complete
the application to transport primary structure. No

steps have been skipped due to the completely
different nature of the material.
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Figure 4. Organic Matrix Composites Development

Advanced Material Payoff

The relative payoff potential of today's ad-
vanced materials, compared to other technologies,
is shown in Figure 5, These technology payoffs
are c&nij)stent with other studies over the past
years . The unusual thing about this assess-
ment, bas?‘gl) on Lockheed studies of advanced tech-
nologies, is that for the first time in modern
history the structures and materials development
will result in the major improvement. In the past,
propulsion technology has led all technologies in

27

aircraft improvements. The two most recent exam-
ples of this are the advent of the turbojet in the
50's and then the high~bypass-ratio fanjet in the
60's, The technology payoffs are evaluated by
studies that follow the elements shown in Figure 6.
Beginning with mission requirements, the baseline
aircraft and the advanced aircraft are sized to
give equal airlift capability. Resizing benefits
are included. Resizing 1is the accounting for
benefits on one component due to reduction in a
different component. An example would be a reduc-
tion in landing gear weight due to a wing weight
reduction, This resizing benefit can double the
overall benefits.
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Figure 5. Technology Payoff Assessment
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The aircraft shown in Figure 7 will be used to
illustrate the benefits of some of the new mate-
rials now on the horizon. This large transport is
referred to as the ACMA, i.e., Advanced Civil/
Military Aircraft. The possibilities f?g)‘this
program were studied by Lockheed-Georgia. As
shown, it is a 1M 1b. gross weight aircraft and is
visualized as a potential C5A/BT747 replacement.
The weight reduction benefits for maximum use gf
graphite/epoxy comp?iste materials on the ACMA is
shown in Figure 8 . The crosshatched areas
represent the increased weight savings from the
benefits of resizing mentioned previously. It
should also be noted that the ™"maximum" graphite/
epoxy aircraft is about 55% graphite epoxy of the
aircraft structural weight. About U45% of the
weight is in structure where graphite epoxy is not
appropriate, such as heavy frames and landing gear.
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Figure 8. Graphite Epoxy Aircraft Benefit Summary

A comparison of the payoff of several advanced
materials is shown in Figure 9. Maximum use of
each material is assumed in these comparisons.
This assumption is useful for comparisons; however,
the optimum airframe would be a combination.
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Figure 9. Advanced Material Comparisons

Introducing New Materials

The decision process in the selection of new
materials is not a simple process and necessarily
includes a great deal of judgement, as well as
technical data. The decision process is fundamen-
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tally a series of tradeoffs between Risk, Payoffs
and Impact on the system., This tradeoff process is

illustrated in Figure 10.
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Decision Process in New Material
Introduction

Figure 10,

)

The payoffs are the easiest factor to assess
technically. Performance improvements, acquisition
and operating cost differences can usually be pro-
jected with a high degree of confidence,

The Risk factor is significantly subjective and
involves judgement of the adequacy of the material
property data base, level of experience with the
material both in test and in service.

The Impact factor is measurable, but sometimes
overlooked. Graphite epoxy composite is a good
example of a material with a large impact on facil-
ities, trained or untrained personnel, and main-
tenance differences for the user,

There are times where performance payoffs domi-
nate, particularly on fighter aircraft, but this is
rarely the case on transports,

One of the attractive aspects of advanced alumi-
nums compared to graphite epoxy is the relatively
low facility costs. The relative difference 1in
facility costs between graphite epoxy and advanced
aluminum for an average size transport wing is
illustrated in Figure 11.
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Figure 11. Facilities Cost Comparison Transport
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Tens or hundreds of millions of dollars must be
spent for new facilities and equipment for non-
metallic composites, Virtually, a new and dif-
ferent factory must be created. Most of the



advanced metallic materials by comparison required
only special drills, cutters, etc., This facilities
factor is not a trivial problem, especially if the
cost of the new facilities must be amortized over
the life of the first product,

Relative prices of different materials obviously
have a tremendous effect on the decision on which
material to use. The payoffs described in Figure 9
come from estimates of producers with certain
assumptions about future market volume. The accu-
racy of these assumptions is important. Figure 12
show the history of graphite fiber price for the
last 15 years in then year dollars. The reduction
is dramatic especially considering inflation would
have more than doubled the price over the last ten
years if all else remained constant! Figure 13 is
a companion to Figure 12 and shows the total market
for fiber over the years. Obviously, the increased
market has helped reduce the price. Aerospace use
is running about one-third the total fiber market.
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Figure 12, Graphite Fiber Price History
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Figure 13, Graphite Fiber Total Market

Future Requirements

You can speculate from Figure 13 where graphite
epoxy use is headed; however, further dramatic
price reductions such as we have seen in the past
do not seem likely. The boom in the use of
of composites has challenged the metals industry.
Improvements in advanced metals definitely provide
an q&&;on to the designer, A recent study for
NASA on the payoff of advanced metals forecasts
the market shown in Figure 14,
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Figure 14, Potential Advanced Metals Use Forecast

The projected material usage for a future large
transport of about the late 1980's is shown symbol-
ically in Figure 15. Aluminum, improved and ad-
vanced, would run at least one-half. Composites
should at least 20%. Other materials, such as

steel and titanium, would run about 10%. Depending
on developments over the next couple of years,
about 20% could go either way - composites or
advanced aluminum, including aluminum matrix com-
posites. Most of this difference would depend on
the decision on the material for the wing box.
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Figure 15. Projected Material Usage-Future Large

Transport

There are requirements for several aircraft now
in the early planning stages. These aircraft are
represented in Figure 16 and are the Delta B com-
mercial transport, the Advanced Tactical Fighter
and the ACMA, Near-term material developments are
so important to achieving the cost and performance
goals of all ef these aircraft that these programs



may actually hinge on material developments. It
should be emphasized on the transports that

factors may override the performance fact,ors.(9

DELTA B — NOW?
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Figure 16. Future

Summar

What material? The details of this decision
carry an importance today and in the foreseeable
future as never before. Many of these material
decisions effect manufacturing as never before.
The materials used will be a combination as illus-
trated in Figure 17, also as never before. More
choices mean more differences and more optimiza-
tion. More optimization will lead tc more effi-
ciency for the benefit of all.
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Figure 17. What Material?
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